Rolling contact loading causes a remarkable plastic flow at the contact surface of rail and wheel or the surface of a pair of disks rotating under normal force. It is supposed that significant residual stress, work hardening and preferred orientation will be introduced as well as the plastic flow, and the combination of all of those factors may cause the fatigue damage to the specimen. In the present study, the mode of plastic flow and the preferred orientation with respect to the tangential force, or slip at the contact region were measured. The experimental results were nearly the same for both laboratory tested disk specimen and a used rail. The distribution of degree of plastic flow showed good agreement with the work hardening of the flowed region, besides the mode of plastic flow is nearly the same as the calculated result. The major texture component at the flowed region was near (111) [li0] and near (111) [11.] which are the major components of cold rolling texture being formed by the combination of compressive stress and weak shear stress.
INTRODUCTION
In order to clarify the rolling contact fatigue phenomenon of rails, numbers of studies have been carried out on plastic flow, and change in mechanical properties of steels under rolling-sliding contact. Rolling contact fatigue can be simulated by a laboratory test using a pair of disks rotating under loads exceeding the yield point. It was pointed out by Crook (1979) and Welsh (1957) that remarkable plastic flow is observed at the surface layer of disks, and the direction of the plastic flow is opposite to the rolling direction. Johnson and his co-workers have explained why the forward plastic flow occurs under pure rolling contact (Johnson and Jefferis, 1963 , Merwin and Johnson, 1963 , Johnson, 1963 ).
The present authors have studied residual stress in the plastically flowed region caused by rolling contact of disk specimens and a used rail under pure rolling contact, friction rolling contact and rolling-sliding contact (Nagashima et al., 1983 , Nagahsima et al., 1984 al., to be published). In the present study, the texture of the plastic layers was examined with the same specimen as the former study. In the present study, three kinds of rolling contact condition were obtained with or without forced gear drive, and by a combination of gear ratio and different diameter size of disks as shown in Table 2 . Figure 1 The size and alignment of disk specimen.
EXPERIMENTS
The alignment of disks is shown in Figure 1 , the slip rate is given by the following equation;
where, v and v2 are the velocity at the top surface of disks. The testing conditions are shown in Table 3 .
(b) The history of the used rail The specimen was prepared from a rail used at the Shinkansen Line of the Japanese National Railway. The number of passage of wheels are estimated to be about 40 million. As the diameter of a new wheel is 910mm, and the load on a wheel is about 78.5 kN, the maximum Hertz' stress is estimated to be 790 MPa. To the specimen P2, sliding-rolling contact of slip rate as large as +12% was applied for about 300 revolution and then smaller slip rolling contact test as shown in Table 3 was carried out.
EXPERIMENTAL RESULTS AND DISCUSSION
Plastic flow of disk specimen
The mode of plastic flow was observed with the cross section at the central plane of the thickness direction of the disks, and the results are shown in Table 4 .
The typical mode of plastic flow caused by rolling contact is shown in Figure 2 , and the results are summarized as follows"
(1) In the case of rolling contact with a small negative slip less than 0.04%, no plastic flow was observed at the surface layer and surface. In the case of such a small positive slip as 0.04%, slight backward flow was observed at the layer just below the surface.
2) In the case of friction driven rolling contact without gear drive, nearly the same mode of plastic flow as described above was observed.
3) In the case of rolling-sliding contact with the slip rate of more than 12%, a significant plastic flow was observed from the top surface to the deeper region. Positive slip rate gives a significant backward flow, while negative slip gives a forward flow in the same region. The reason why the plastic flow turns to the opposite direction from the forward flow is explained to be due to the large tangential force applied at the contact region of the pair of disks.
X-ray line broadening and hardness change along depth direction of disk specimen
An evident X-ray diffraction line broadening and work hardening were observed at the plastically flowed region. And there are apparent differences between slightly and severely deformed region.
(a) The case of pure rolling contact
The change in hardness and in diffraction line broadening are illustrated in Figure 3 (a). Figure 3( The result of rolling-sliding contact was shown in Figure 3(b) , where RS-1 and RS-2 show the result of the case s=-13.6% and s 11.9%, respectively. Both show siginficant hardening and line broadening at the surface layer, decreasing in the inner region. Plastic flow and work hardening of the used rail It is reported by Sugino and Kageyama (1979) that a positive plastic flow occurs at the surface of used rail in the field side and negative one in the gauge corner side. This is considered to be due to the shape of wheel tread; i.e., the tread is conical and the diameter of tread at the gauge corner side is larger than that of the field side. In the present study, the same tendency in the plastic flow was found on the cross section of the specimen that is cut parallel to the x-z plane at the points y =-18.5, -8.5, -3.5, 1.5, 6.5, 16.5 and 26.5 mm, where the Cartesian co-ordinate x, y and z to the rail is shown in Figure 4 . Figure 5 . It is clear that positive and negative flows are observed at the field side and the gauge corner side, respectively, the same as 2) The material of both bodies is elastic-perfectly plastic and isotropic.
3) The specimen deforms under plane strain criterion.
4) The stress distribution near the contact region is defined by the Hertz equation. If the loading cycle is entirely elastic, the residual stresses and residual strains would approach zero from the above-described assumptions" 
Furthermore, the tangential displacement of the surface pass, being denoted by 6, may be given by the increment residual strain (tzx)r ( zx) dz (5) In the present study, Johnson's model was modified by taking the work hardening into consideration. In the case of steel the relation between stress r and strain e is given by Fe (6) where F is constant and n is the work-hardening exponent. In the case of rolling contact, e is a function of the number of repeated loading, N and is represented by 8eg(N)
where, ee is the total sum of residual strain (ez)r, and a is a constant.
In this study, a is given by the assumption that work hardening was saturated after repeating the loading as many as 20 times. The values of a and g(N) and g(N) after N cycle of repeated loading are shown in Table 5 . If it is assumed that a aB when e ee, then F ole:
Then, the yield point of simple shear, k, or work hardened specimen will be given by g(N)" (9) In the calculation, the shakedown limit after the work hardening is saturated was assumed to have po/k =4.0, and n =0.25. The result of calculation, i.e., the degree of plastic flow, 6/a, along depth direction is shown in Figure 6 ; (a) shows the difference of plastic flow when the ratio of tangential force to normal force, T/N 0.1, 0, -0.1, normalized load po/k 4.5 and friction coefficient / =0.1, and (b) shows the plastic flow for the ratio T/N=O.1, O, -1.0 in a work hardening model. This calculation gave the same result as the schematic illustration of the direction of plastic flow and tangential force, and the calculated depth of flowed region is nearly the same as the experiment (Table 4) . Load 2.94 N, revolutions 3.6 x 105, slip rate nil (friction drive).
driven rolling contact showed only slightly different textures, whereas such a severe slip rate as rolling-sliding contact in RS gave no evidence of preferred orientation. It is difficult to identify the precise orientation components from one incomplete pole figure - (223)[i10] and --- (223)[li0]
Texture of the surface region of the used rail
The pole figure of the surface layer of the rail was measured. Sharp preferred orientation was observed at the central region, but no texture was observed at both gauge corner and field sides where severe flow has occurred, similar to the case of rolling contact fatigue specimen.
Some examples of (110) Textures due to contact rolling were calculated in the same way as reported by Katoh (1971, 1974) 
The result of calculation on the preferred orientation components by the above models are as follows:
( Table 6 .
From these data, the texture components of surface layers under Evident preferred orientation was observed at the surface of the specimen both in the disks and in rail where less tangential force was applied. While at the region where severe plastic flow was introduced by a large tangential force, texture was hardly observed.
